NNE normal fault trends characterize much of the northern Basin and Range province. These faults make sharp bends to NNW and ENE trends in north-central Nevada in the vicinity of a mid-Miocene rift characterized by a zone of diabase dike swarms, graben-filling flows, and a coinciding aeromagnetic anomaly. Despite a roughly 45 ø change in the least principal stress direction since mid-Miocene time, pre-existing NNW-and ENE-trending faults in the vicinity of the rift accommodated the extension whereas regionally, major crustal blocks were faulted along a NNE trend, approximately perpendicular to the modem least principal stress direction. An assumed uniform regional stress field (derived from geologic and geophysical indicators of the modem principal stress field) and the observed oblique slip on the pre-existing faults were combined in an analysis utilizing an empirically derived frictional sliding law and the Coulomb failure criterion. This analysis constrained the ratio of the least principal stress to the greatest principal stress (S3/S0 as well as the inherent shear strength of intact crustal rocks, %. While both parameters, S3/S• and ,½, are functions of unknowns including pore pressure and the cohesion (frictional strength) of the pre-existing faults, reasonable assumptions about these parameters lead to ,½ estimates that agree well with values obtained from laboratory experiments simulating crustal conditions. At a depth of 10 kin, the analysis indicates that the minimum inherent shear strength of intact crustal rocks must range between 150--450 bars for zero pore pressure and 150-350 bars for hydrostatic pore pressure, whereas the corresponding maximum shear stresses at 10-kin depth are 970-1200 bars for zero pore pressure and 640-770 bars for hydrostatic pore pressure.
INTRODUCTION
There is presently a vast amount of laboratory data on the brittle deformation properties of individual rocks and minerals. Experiments on frictional sliding at and above moderate confining pressures (roughly 1 kbar and larger) yield remarkably uniform coefficients of static friction independent of the type of fault surface, experimental configuration, or the rock type [Byerlee, 1978] . Field tests in conjunction with in situ stress measurements seem to confirm the laboratory friction values [Raleigh et al., 1977] . Thus it appears that laboratory friction data can be applied to crustal faulting. However, extrapolation of laboratory data on th'e strength of rock under crustal conditions remains a major unresolved issue. Proper extrapolation requires detailed knowledge of the effects of temperature, pore pressure, and strain rate on strength. Th•s paper describes an investigation of faulting relationships in a unique area in the northern Basin and Range province in which there are clear geologic constraints on the style and timing of deformation. Within this area, it is observed that pre-existing faults have been able to locally accommodate strain by oblique-normal slip whereas regionally favorably oriented-normal faults were breaking through the upper crust. Assuming a uniform stress field throughout the region, stress constraints imposed by utilizing a frictional sliding relationship for these pre-existing faults are compared with stress ratios obtained from a relationship for norml fault equilibrium based on the Coulomb criterion for faulting in intact rock. This analysis allows us to place limits on the inherent shear strength of intact crustal rock (strength at zero pressure) and also on the maximum shear stresses.
FAULTING PATTERNS AND EXTENSION DIRECTION
Accumulating geologic and geophysical data appear to indicate that a simple pattern of displacements is responsible for This paper is not subject to U.S. copyright. Published in 1980 by the American Geophysical Union. extension in the northern Basin and Range province despite the complex pattern of faulting [Zoback and Thompson, 1978] . Table 1 and presented in rose diagrams in Figure 2 . The mean extension direction is N62øW +_ 14 ø while the mean least principal stress direction inferred from the focal plane mechanisms and in situ stress measurements is N59W +_ 25 ø. The focal mechanism T-axes are considerably scattered; this scatter may be real arising from slip on preexisting faults or it may be due to poor control and the use of composite solutions. Despite the scatter, a picture of fairly uniform WNW-ESE extension in the northern Basin and Range emerges.
WNW-ESE directed extension is consistent with the overall NNE trend of basins and ranges within the Great Basin (Figure 3) . A notable exception to this pattern of faulting is in north-central Nevada where a nearly orthogonal set of normal faults trending NNW and ENE are responsible for the modem ranges. However, measured slip on these faults agrees with the overall pattern of horizontal displacements (some of these slip directions are included in Table 1 ). A possible interpretation of this orthogonal set of faults is that they represent pre-existing planes of weakness responding to the present stress field. The aeromagnetic map of Nevada indicates a prominent aeromagnetic high in this region of north-central Nevada (see Steward et al. [1975] and inset on Figure 3 ). This NNW-trending high reflects a zone of graben-filling basalts, Thus, it is clear why the NNW trend should constitute preexisting planes of weakness. A detailed examination of geologic features along the northern Nevada rift zone in the Midas trough region (arrow on Figure 3 ) suggests an origin for the ENE-trending planes of weakness. A prominent, segmented NNW-trending rhyolite dike associated with the rifting was found in this region. This feature has been previously discussed in detail [Zoback and Thompson, 1978] , however, the conclusions are summarized here because they bear directly on early evidence for faulting along the ENE trend. Referring to the physiographic map (Figure 3) , it is apparent that the NNW-and ENE-trending planes of weakness presumed to have developed during mid-Miocene rifting were able to accommodate extension as the least principal stress direction changed •45 ø in a clockwise sense, whereas in the surrounding region major crustal blocks were faulted with an orientation approximately perpendicular to the modern least principal stress direction. The observation that WNW-ESE (modern) extension was accommodated by slip on pre-existing faults of markedly oblique trends in a restricted region in the vicinity of the mid-Miocene rift while new, more favorably oriented NNE-trending faults were being formed in the surrounding region allows us to place limits on the inherent shear strength of the crust and the relative magnitudes of the principal stresses.
THEORY
To investigate the oblique slip of the ENE-trending faults responsible for most of the modern physiography in northcentral Nevada, regional stresses are resolved on a fault plane where frictional sliding relationships are assumed to apply; this permits calculation of a range of allowable stress states. These values are compared with principal stress ratios obtained from a relationship for normal fault equilibrium based on the Coulomb criterion for faulting in intact rock. This criterion is considered valid because new normal faults were forming in the surrounding region as the rift zone faults continued to slip. •-N, normal; SS, strike slip, N/SS -predominately normal; N+ SS, approximately equal normal and strike-slip movement.
:•Azimuth resolved to NW quadrant.
[}Grooves, based on fault grooves and slickensides; Eq, based on historical earthquake offsets.
A tensor transformation can be used to resolve the regional stresses to shear and normal stresses acting in the slip direction on the fault plane. This analysis requires that the orientation of the regional principal stresses, as well as the orientation of the fault plane and slip direction be known. As 
where So is cohesion (strength on pre-existing faults due to a healing mechanism), P is pore pressure, and/•f is the coefficient of friction for frictional sliding. Substituting (1) and (2) into ( Table 2 , generally support these laboratory data and indicate that inherent shear strength of intact crustal rock, %, is between 150 and 600 bars for zero pore pressure and between 150 and 400 bars for hydrostatic pore pressure. The upper limit for •'c in the hydrostatic case is provided by the constraint that S3 must be greater than P.
'Maximum' shear stress (I/2(Si --S3)) can also be determined from the calculated range of allowable stress states. We have done this for/• --0.6 corresponding to a favorably oriented normal fault with a 60 ø dip and a coefficient of frictional sliding of 0.6 (as suggested by Byerlee [1978] for conditions at a 10-km depth). These values are also given in Table   2 . As the cohesion on the ENE faults increases, the values of •'c also increase as expected; in addition, the effect of introducing pore pressure tends to reduce the values of shear stress, that is, to increase S3/Si. Since, as suggested above, the actual state of stress must be closer to S2 = Si than S2 --S3, the higher magnitude end of the ranges of both strength and shear stress are preferred. The actual upper limit for shear stress in the hydrostatic case is provided by the constraint that S3 > P which leads to a minimum allowable value of S31Si --0.37 and a maximum sheer stress (I/2(Si -S3)) of 850 bars at 10-km depth.
In 
